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(54) Method of manufacturing a high-pressure discharge lamp 



(57) For manufacturing a high-pressure discharge 
lamp, a tungsten electrode is welded to a molybdenum 
foil by bringing a shaft of the tungsten electrode into 
close contact with the molybdenum foil, and by irradiat- 



ing a laser light, having a metal melting wavelength, to 
a junction of the molybdenum foil with the tungsten elec- 
trode from a location closer to the molybdenum foil to 
melt both the molybdenum foil and the shaft of the tung- 
sten electrode for bonding. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to a method for 
manufacturing a high-pressure discharge lamp. 

2. Description of the Related Art: 

[0002] General high-pressure discharge lamps such 
as an ultra high-pressure mercury lamp comprise an 
elongated cylindrical quartz glass tube which is com- 
posed of a hollow spherical section, straight tube sec- 
tions formed at both ends of the hollow spherical sec- 
tion, and electrode assemblies, each of which has an 
electrode that is partly embedded in an associated 
straight tube section and is opposite the electrode of the 
other electrode assembly in the spherical section. Each 
of the electrode assemblies has a molybdenum foil, a 
tungsten electrode shaft welded at one end of the mo- 
lybdenum foil, and an external lead wire welded at the 
other end of the molybdenum foil. Then, the molybde- 
num foil, as well as part of the tungsten electrode and 
part of the external lead wire, welded at both ends of the 
molybdenum foil, are encapsulated in glass of the as- 
sociated straight tube section. Mercury, an inert gas, 
and a halogen gas are enclosed in the space of the 
spherical section. 

[0003] For welding the tungsten electrode shaft to the 
molybdenum foil, the tungsten electrode and molybde- 
num foil are sandwiched in layers between welding elec- 
trodes of a resistance welding machine, pressurized be- 
tween the welding electrodes, and applied with a voltage 
for welding. 

[0004] Another method of directly welding a tungsten 
electrode to a molybdenum foil, as mentioned above, 
involves forming a platinum thin film on a tungsten elec- 
trode shaft at which the molybdenum foil is welded, and 
resistively welding the platinum thin film to the molybde- 
num foil (see Paragraphs [0009] to [0011], and Figs. 2 
and 3 of JP-6-223783-A). Another method involves in- 
terposing a blazing member such as platinum, tantalum 
or the like between overlapping portions of a molybde- 
num foil and an internal lead wire which are scheduled 
to be welded, and performing plasma arc welding (see 
Paragraph [0038] and Fig. 3 of JP-1 0-334789-A). As de- 
scribed in the aforementioned JP-6-223783-A and JP- 
1 0-334789-A, a halogen lamp is generally manufac- 
tured by sandwiching a platinum foil between a molyb- 
denum foil and a tungsten electrode, and melting the 
platinum foil during welding in order to weld the tungsten 
electrode to the molybdenum foil. 
[0005] However, in the method of welding a tungsten 
electrode shaft to a molybdenum foil using a resistance 
welding machine, the tungsten electrode shaft can be 
bent, broken, or collapse at a point applied with pres- 



sure, resulting in failure of the tungsten electrode itself, 
and eccentricity (see Fig. 1 ) of the electrodes which op- 
pose each other within the lamp. In addition, even the 
application of pressure can be difficult for a tungsten 

5 electrode shaft having a small diameter. 

[0006] Also, the melted tungsten electrode and mo- 
lybdenum foil can stick to the welding rods (welding 
electrodes) of the resistance welding machine, and the 
welding rods can significantly wear out, so that frequent 

10 maintenance is required for the welding machine, mak- 
ing the welding process unsuitable for automatization. 
[0007] Further, since in resistance welding difficulties 
are encountered in the application of pressure to a small 
point, the molybdenum foil must be welded to the tung- 

15 sten electrode over a wide area. Thus, when the molyb- 
denum foil with the tungsten electrode welded thereto 
is sealed with glass, a large crack occurs in a portion of 
the glass sealed with the molybdenum foil, possibly re- 
sulting in defective air-tight sealing of the lamp due to 

20 the growth of the crack, and a bursting of the lamp when 
it is turned on. 

[0008] Notably, the method of indirectly welding a 
tungsten electrode and a molybdenum foil with platinum 
or the like interposed therebetween, as described in the 
25 aforementioned JP-6-223783-A and JP-1 0-334789-A, 
entails an increased number of manufacturing steps and 
higher costs. 

SUMMARY OF THE INVENTION 

30 

[0009] It is an object of the present invention to pro- 
vide a method of manufacturing a high-pressure dis- 
charge lamp (ultra high-pressure mercury lamp) which 
is capable of eliminating the disadvantages found in the 

35 resistance welding of a tungsten electrode to a molyb- 
denum foil as described above, facilitating the welding 
of both, and improving the reliability of the resulting elec- 
tric connection and the reliability of the lamp itself. 
[0010] A high-pressure discharge lamp to which the 

40 manufacturing method of the present invention is ap- 
plied includes a quartz glass tube made up of a spherical 
space and straight tube sections extending on both 
sides of the spherical space. An electrode assembly is 
sealed with glass of each straight tube section, and the 

45 two tungsten electrodes are disposed in the spherical 
space such that one end of one tungsten electrode op- 
poses one end of the other tungsten electrode. A mo- 
lybdenum foil overlaps with and is welded to the other 
end of each tungsten electrode. An external lead wire is 

50 welded to the end of each molybdenum foil opposite to 
the tungsten electrode. An inert gas containing mercury 
and a halogen gas are enclosed in the spherical space, 
the other ends of the tungsten electrodes and the mo- 
lybdenum foils are embedded in glass of the respective 

55 straight tube sections, and the spherical space is her- 
metically sealed. 

[0011] In the present invention, the tungsten elec- 
trode is welded to the molybdenum foil by bringing a 



2 



3 



EP1 492148 A2 



4 



shaft of each tungsten electrode into close contact with 
the molybdenum foil, and by irradiating a laser light hav- 
ing a metal melting wavelength to a junction of the mo- 
lybdenum foil with the shaft of the tungsten electrode 
from a location closer to the molybdenum foil, and melt- 
ing both the molybdenum foil and the shaft of the tung- 
sten electrode for welding. 

[0012] In the method of manufacturing a high-pres- 
sure discharge lamp, it is preferable to bring the molyb- 
denum foil into close contact with the tungsten electrode 
over an angle ranging from zero to 120 degrees. 
[0013] Also, it is preferable that the diameter of the 
laser light irradiated from a location closer to the molyb- 
denum foil is equal to or smaller than the diameter of the 
shaft of each tungsten electrode. 
[0014] Further, the junction is irradiated with the laser 
such that laser irradiated points are arranged in a stag- 
gered pattern when the diameter of the irradiated laser 
is smaller than the diameter of the shaft of the tungsten 
electrode and is equal to or larger than one-half of the 
diameter of the shaft of the tungsten electrode, and such 
that laser irradiated points are arranged in a staggered 
pattern or in a parallel pattern when the diameter of the 
irradiated laser is smaller than one-half of the diameter 
of the shaft of the tungsten electrode. 
[0015] It is preferable that the step of irradiating a la- 
ser light having a metal melting wavelength includes us- 
ing a YAG laser. 

[0016] The foregoing welding method can bond the 
tungsten electrode to the molybdenum foil with a smaller 
bonding area, unlike the conventional technique which 
involves sandwiching a tungsten electrode and a mo- 
lybdenum foil in layers between welding electrodes of a 
resistance wetding machine, thereby making it possible 
to reduce cracks which can occur in a portion of the 
glass sealed with the molybdenum foil. 
[0017] In conventional resistance welding, electrode 
shafts can be bent or broken due to pressure applied 
thereto during welding when using tungsten electrodes 
that have shafts which are reduced in diameter. The 
present invention can eliminate such problems, and 
therefore avoid eccentricity between the electrodes of 
the lamp (see Fig. 1) due to bent electrode shafts. 
[0018] In conventional resistance welding, the melted 
tungsten electrode and molybdenum foil stick to the 
welding rods of the resistance welding machine, and the 
welding rods significantly wear out, so that frequent 
maintenance is required for the welding machine, thus 
making the welding process unsuitable for automatiza- 
tion. The present invention, therefore, facilitates transi- 
tion to automation. 

[0019] When a laser is used, as in the present inven- 
tion, both materials can be melted into a mixture, thus 
improving the reliability of the electrical connection and 
increasing the bonding strength. 
[0020] Further, the present invention improves control 
of laser power and laser irradiated points, and can there- 
fore reduce variations in welding strength. 



[0021] The above and other objects, features and ad- 
vantages of the present invention will become apparent 
from the following description with reference to the ac- 
companying drawings which illustrate examples of the 
5 present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

10 

Fig. 1 is a schematic cross-sectional view illustrat- 
ing the eccentricity between electrodes which can 
occur during the conventional method of manufac- 
turing a high-pressure discharge lamp; 
15 Fig. 2 is a schematic cross-sectional view illustrat- 
ing the structure of a high-pressure discharge lamp 
to which the manufacturing method of the present 
invention is applied; 

Fig. 3 is a schematic plan view illustrating how a 
20 molybdenum foil is bonded to a tungsten electrode, 
both shown in Fig. 2; 

Fig. 4 is a schematic cross-sectional view showing 
a close contact angle (zero degree) when a molyb- 
denum foil is brought into close contact with a tung- 
25 sten electrode based on the method of manufactur- 
ing a high-pressure discharge lamp in the present 
invention; 

Fig. 5 is a schematic cross-sectional view showing 
a close contact angle (120 degrees) when the mo- 
30 lybdenum foil is brought into close contact with the 
tungsten electrode based on the method of manu- 
facturing a high-pressure discharge lamp in the 
present invention; 

Fig. 6 is a lateral view illustrating how a laser is ir- 
35 radiated to the tungsten electrode and molybdenum 
foil placed in close contact with each other based 
on the method of manufacturing a high-pressure 
discharge lamp in the present invention; 
Fig. 7 is a plan view illustrating how a tungsten elec- 
40 trode is welded to a molybdenum foil with a laser 
irradiated thereto based on the method of manufac- 
turing a high-pressure discharge lamp in the 
present invention; 

Figs. 8 to 10 are diagrams for describing conditions 
45 which are applied when the tungsten electrode is 
welded to the molybdenum foil with a laser irradiat- 
ed thereto based on the method of manufacturing 
a high-pressure discharge lamp in the present in- 
vention; and 

so Fig. 11 is a diagram for describing conditions of im- 
plementation under which the tungsten electrode is 
welded to the molybdenum foil with a laser irradiat- 
ed thereto based on the method of manufacturing 
a high-pressure discharge lamp in the present in- 

55 vention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0023] Referring first to Fig. 2, an ultra high-pressure 
mercury lamp, in one embodiment of the present inven- 
tion, comprises lamp tube 1 made of quartz glass and 
having a central section formed in a spherical shape, 
and a pair of tungsten electrodes 2 arranged opposite 
to each other in central spherical space (discharge 
chamber) 1 a of lamp tube 1 . Each of tungsten elec- 
trodes 2 is connected to external lead wire 4 of a mo- 
lybdenum rod through molybdenum foil (Mo foil) 3. Such 
an electrode assembly has part of tungsten electrode 1 , 
molybdenum foil (Mo foil) 3, and part of external lead 
wire 4 sealed with quartz glass at one end of lamp tube 
1 . In this way, spherical space 1 a of lamp tube 1 is her- 
metically sealed. While the illustrated lamp is intended 
for AC lighting, it can be used for DC lighting when an 
electrode functioning as an anode is made larger than 
an electrode functioning as a cathode. 
[0024] Mercury, and an inert gas containing a halogen 
gas component are enclosed in spherical space 1a. For 
example, mercury is enclosed at 0.1 2 to 0.30 [mg/mm 3 ]. 
The inert gas may be a rare gas such as Ne (neon) or 
Ar (argon), and at least one of CI (chlorine), Br (bro- 
mine), and I (iodine) is enclosed as a halogen gas, and 
the partial pressure of the halogen gas is adjusted in a 
range of 1x10* 8 to 1x10" 6 [\i mol/mm 3 ]. Further, spher- 
ical space 1a is evacuated such that a partial pressure 
of oxygen within spherical space 1 a reaches an ultimate 
pressure of 2.5x10" 3 [Pa] or lower. Here, the partial 
pressure of oxygen refers to the total of all partial pres- 
sures of oxygen containing gases such as 0 2 , CO, C0 2 , 
H 2 0, and the like, and can be measured by sampling 
gases within the fabricated high-pressure discharge 
lamp, and analyzing the sampled gases. In addition, it 
is preferable that the amount of enclosed inert gas is 
within a range of 6x1 0 3 [Pa] to 6x1 0 4 [Pa]. 
[0025] Tungsten electrode 2 used in the lamp is weld- 
ed to or placed in press contact with molybdenum foil 3 
such that tungsten electrode 2 remains electrically con- 
nected to molybdenum foil 3. Also, tungsten electrode 
2 has a strength such that tungsten electrode 2 does not 
come off the junction with molybdenum foil 3 during 
processing steps until it is sealed with glass at each end 
of lamp tube 1 in the sealing step, and during handling 
and the like. 

[0026] For example, when tungsten electrode 2 is 
welded to molybdenum foil 3, the shaft of molybdenum 
electrode 2 is brought into close contact with molybde- 
num foil (foil-shaped metal sealing material) 3 as illus- 
trated in Fig. 3. Then, laser light is irradiated from a lo- 
cation closer to molybdenum foil 3, as illustrated in Fig. 
6, to melt both molybdenum foil 3 and tungsten elec- 
trode 2 for bonding. A laser used for the irradiation of 
laser light may be one that has a metal melting wave- 
length, such as a YAG laser. 

[0027] When molybdenum foil 3 is brought into close 



contact with tungsten electrode 2, the angle over which 
they are in close contact is chosen from zero degree 
(Fig. 4) to 120 degrees (Fig. 5). 
[0028] The laser light irradiated from a location closer 
5 to molybdenum foil 3 is chosen in order to satisfy the 
condition that the laser light has a diameter equal to or 
larger than the diameter of the shaft of tungsten elec- 
trode 2 (Fig. 7). 

[0029] When the diameter of the irradiated laser is 
10 smaller than the diameter of the shaft of tungsten elec- 
trode 2 and is equal to or larger than one-half of the di- 
ameter of the shaft of tungsten electrode 2, laser irradi- 
ated points are arranged in a staggered pattern (Fig. 8). 
[0030] Alternatively, when the diameter of the irradi- 
15 ated laser is smaller than one-half of the diameter of the 
shaft of tungsten 2, laser irradiated points are arranged 
in a staggered pattern (Fig. 9) or in a parallel pattern 
(Fig. 10). 

[0031] The laser may be irradiated in a continuous 
manner in order to leave laser irradiated lines as well as 
in a discrete manner in order to leave the laser irradiated 
points as illustrated. 

[0032] The electrode assembly used in the high-pres- 
sure discharge lamp (ultra high-pressure mercury lamp) 
of the present invention has a tungsten electrode direct- 
ly welded to one end of a molybdenum foil, and a mo- 
lybdenum rod (external lead wire 4) welded to the other 
end of the molybdenum foil. The welding method in the 
foregoing embodiment can be applied to the welding of 
the molybdenum rod to the molybdenum foil as well. 
[0033] Additionally, the high-pressure discharge lamp 
of the present invention will be described, as follows, 
giving specific values. 

[0034] The high-pressure discharge lamp used in this 
embodiment was the ultra high-pressure mercury lamp 
(Fig. 2) in the foregoing structure. 
[0035] The shaft of tungsten electrode 2 had a diam- 
eter of 0.3 mm to 0.5 mm, while molybdenum foil 3 had 
a width of 1.5 mm, a length of 12 to 20 mm, and a thick- 
ness of 10 to 20 um. 

[0036] Said tungsten electrode 2 and molybdenum 
foil 3 were brought into close contact with each other as 
illustrated in Fig. 3, and were irradiated with a laser from 
a location closer to molybdenum foil 3 as illustrated in 
Fig. 6 to weld tungsten electrode 2 to molybdenum foil 
3. A YAG laser was used for the welding. 
[0037] The irradiated laser in this event had a diame- 
ter of approximately 0.1 mm, so that the laser was irra- 
diated in a discrete manner in order to leave a total of 
five laser irradiated points arranged in a staggered pat- 
tern (Fig. 11). 

[0038] While preferred embodiments of the present 
invention have been described using specific terms, 
such description is for illustrative purposes only, and it 
is to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 
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Claims 

1. A method of manufacturing a high-pressure dis- 
charge lamp, said high-pressure discharge lamp 
having a quartz glass tube made up of a spherical 
space and straight tube sections extending from 
both sides of said spherical space; a pair of tung- 
sten electrodes disposed in said spherical space 
such that one end of one tungsten electrode oppos- 
es one end of the other tungsten electrode; a mo- 
lybdenum foil overlapping with and welded to the 
other end of each of said tungsten electrodes; and 
an external lead wire welded to an end of each said 
molybdenum foil opposite to said tungsten elec- 
trode, wherein an inert gas containing mercury and 
a halogen gas are enclosed in said spherical space, 
the other ends of said tungsten electrodes and said 
molybdenum foils are embedded in glass of said re- 
spective straight tube sections, and said spherical 
space is hermetically sealed, said method compris- 
ing the steps of: 

bringing a shaft of each of said tungsten elec- 
trodes into close contact with said molybdenum 
foil; 

irradiating a laser light, having a metal melting 
wavelength, to a junction of said molybdenum 
foil, with the shaft of each of said tungsten elec- 
trodes,from a location closer to said molybde- 
num foil; and 

melting both said molybdenum foil and the shaft 
of each of said tungsten electrodes for welding. 

2. The method according to claim 1 , wherein said mo- 
lybdenum foil is brought into close contact with each 
said tungsten electrode over an angle ranging from 
zero to 120 degrees. 

3. The method according to claim 1 , wherein: 



that laser irradiated points are arranged in a 
staggered pattern when the diameter of the ir- 
radiated laser is smaller than one-half of the di- 
ameter of the shaft of said tungsten electrode. 

5 

6. The method according to claim 1, wherein: 

said junction is irradiated with the laser such 
that laser irradiated points are arranged in a 
10 parallel pattern when the diameter of the irradi- 

ated laser is smaller than one-half of the diam- 
eter of the shaft of said tungsten electrode. 

7. The method according to claim 1, wherein: 

15 

said step of irradiating laser light having a metal 
melting wavelength includes using a YAG laser. 
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the diameter of the laser light irradiated from a 
location closer to said molybdenum foil is equal 
to or smaller than the diameter of the shaft of 
each said tungsten electrode. 

45 

4. The method according to claim 1 , wherein: 

said junction is irradiated with the laser such 
that laser irradiated points are arranged in a 
staggered pattern when the diameter of the ir- 50 
radiated laser is smaller than the diameter of 
the shaft of said tungsten electrode and is equal 
to or larger than one-half of the diameter of the 
shaft of said tungsten electrode. 

55 

5. The method according to claim 1, wherein: 

said junction is irradiated with the laser such 
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Fig. 1 (Prior Art) 
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